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Description 



Plated resin molded articles 



Technical Field 

The present invention relates to plated resin molded 
articles having a high plating strength and to a method of 
producing them. 



Related Arts 

Resin molded articles such as an ABS resin and a poly 
amide resin have been used as automobile parts for the 
purpose of reducing the weight of an automobile, and 
plating such as copper or nickel is carried out on the 
resin molded articles in order to give a upscale image and 
a sense of beauty. 

When the plating is carried out on resin molded 
articles such as an ABS resin, an etching step of roughing 
the surface of the resin molded articles is conventionally 
essential to enhance the adhering strength after the 
removal step of fat. For example, when an ABS resin 
molded article and a polypropylene molded article are 
plated, a bath of chromic acid (a mix solution of chromium 
(III) oxide and sulfuric acid) is used after the removal 
step of fat, and an etching treatment is required to be 
carried out at 65 to 70°C for 10 to 15 minutes. 



Accordingly, poisonous hexa-valent chromic acid ion is 
contained in waste water. Therefore, a treatment of 
neutrally precipitating after reducing the hexa-valent 
chromic acid ion to a tri-valent ion is essential. 

Considering safety during a work at a spot and an 
influence to environment due to waste water thus, it is 
desirable not to carry out an etching treatment using the 
chromium bath, but in that case, there is a problem that 
the adhering strength of a plating layer to a molded 
article which is obtained by an ABS resin and the like 
cannot be enhanced. 

The inventions in JP-A 2003-82138 and 2003-166067 
solve this problem with the prior art by providing, 
without requiring a chromate bath-based etching treatment, 
plated resin molded article having a highly adherent metal 
plating layer. 

In JP-A 2003-82138 and 2003-166067, plated resin 
molded articles in which the surface of a resin molded 
article containing polyamide and a styrene-based resin 
such as ABS resin or a resin molded article containing 
polypropylene was metal plated are disclosed. 

Disclosure of the Invention 

An object of the present invention is to provide 
plated resin molded articles with a beautiful appearance 
and a high resin molded ar i tele/plating layer adhesive 
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strength even in the case of resin molded articles 
comprising a combination of polyamide with a thermoplastic 
resin other than a styrene-type resin. 

An additional object of the present invention is to 
provide a method of producing the aforementioned plated 
resin molded articles that makes it possible to dispense 
with etching with, for example, chromic acid. 

During the course of accumulating additional research 
into the inventions disclosed in JP-A 2003-82138 and JP-A 
2003-166067, the present inventors identified a mechanism 
through which a strong metal plating may be formed on the 
surface of a thermoplastic resin molded article, i.e., 
that the moisture absorption of the resin present in the 
thermoplastic resin molded article is connected to the 
formation of a strong metal plating. As a result of 
research based on this newly discovered mechanism, the 
inventors discovered novel combinations of thermoplastic 
resins and were thereby able to provide application to a 
broader range of technical fields. 

As means for achieving the object cited first, the 
present invention provides a plated resin molded article 
that has a metal plating layer on the surface of a 
thermoplastic resin molded article comprising a 
composition that contains 

(A) 10 to 90 mass% of a matrix resin that has a water 
absorption after 24 hours in 23°C water (IS062) of at 



least 0.6%, and (B) 90 to 10 mass% of a non-styrene-type 
resin that has a water absorption after 24 hours in 23°C 
water (IS062) of less than 0.6%, wherein the thermoplastic 
resin molded article is not subjected to etching with a 
heavy metal-containing acid. 

As means for achieving the additional object, the 
present invention provides a method of producing a plated 
resin molded article wherein the aforementioned plated 
resin molded article is produced by plating metal on the 
surface of the thermoplastic resin molded article, the 
method comprising the step of: 

contact-treatment of the thermoplastic resin molded 
article with an acid or base that does not contain heavy 
metal, as a treatment preceding a metal plating step, and 
wherein a step of etching with a heavy metal-containing 
acid is not included. 

Plated resin molded articles according to the present 
invention exhibit a high adhesive strength between the 
thermoplastic resin molded article and the metal plating 
layer and present a beautiful appearance. The production 
method according to the present invention is superior to 
the prior-art plating methods in that it provides these 
plated resin molded articles by treatment under mild 
conditions without the use of treatment with a heavy 
metal-containing acid, such as chromic acid or potassium 
permanganate . 



Detailed Description of the Invention 

The method according to the present invention of 
producing plated resin molded articles will be described 
hereinbelow in combination with a description of the 
plated resin molded articles according to the present 
invention. The method according to the present invention 
of producing plated resin molded articles is not 
particularly limited as long as a step of bringing the 
thermoplastic resin molded article into contact with an 
acid or base that does not contain heavy metal (referred 
to below as the "acid or base contact treatment step") is 
included as a treatment preceding the metal plating step 
and a step of etching with a heavy metal-containing acid 
is not included. Some of the following process steps can 
be omitted and other know plating steps can be added. 

(Production of the thermoplastic resin molded article) 

The thermoplastic resin molded article is a molded 
article of a composition that contains components (A) and 
(B) and other components present on an optional basis. 

The matrix resin (A) has a water absorption of at 
least 0.6%, preferably 0.6 to 11%, more preferably 0.6 to 
5%, and even more preferably 0.6 to 2.5%. 

Preferred for the matrix resin (A) are, polyamide-type 
resins, acrylate salt-type resins, cellulose-type resins, 
vinyl alcohol-type resins and polyether- type resins, in 



each case that satisfy the saturated water absorption 
cited above, wherein polyamide-type resins and polyether- 
type resins are more preferred and polyamide-type resins 
are most preferred. 

The polyamide-based resin is a polyamide-based resin 
which is formed by a diamine and a dicarboxylic acid and a 
copolymer thereof. For example, there are mentioned a 
nylon 66, a polyhexamethylenesebacamide (nylon 6,10), a 
polyhexamethylenedodecanamide (nylon 6,12), a 
polydodecamethylenedodecanamide (nylon 12,12), a 
polymethaxylyleneadipamide (nylon MXD6) , a 
polytetramethyleneadipamide (nylon 4,6), and a mixture 
thereof and a copolymer; copolymers such as a nylon 6/66, 
a nylon 66/6T in which a 6T component is 50% by mol or 
less (6T: polyhexamethyleneterephthalamide) , a nylon 66/61 
in which a 61 component is 50% by mol or less (61: 
polyhexamethyleneisophthalamide) , a nylon 6T/6I/66 and a 
nylon 6T/6I/610; copolymers such as a 
polyhexamethyleneterephthalamide (nylon 6T) , a 
polyhexamethyleneisophthalamide (nylon 61), a poly (2- 
methylpentamethylene) terephthalamide (nylon M5T) , a 
poly (2-methylpentamethylene) isophthalamide (nylon M5I), a 
nylon 6T/6I and a nylon 6T/M5T. Additionally, a copolymer 
nylon such as an amorphous nylon may be used, and as the 
amorphous nylon, a polycondensate of terephthalic acid and 
trimethylhexamethylene diamine and the like may be 



proposed. 

Further, the ring opening polymer of a cyclic lactam, 
a polycondensate of an amino carboxylic acid and a 
copolymer consisting of these components, specifically, 
aliphatic polyamide resins such as a nylon 6, a poly ( co - 
undecanamide) (nylon 11) and a poly ( co -dodecanamide ) (nylon 
12), and a copolymer thereof; a copolymer with a polyamide 
consisting of a diamine and a dicarboxylic acid, 
specifically, a nylon 6T/6, a nylon 6T/11, a nylon 6T/12, 
a nylon 6T/6I/12, a nylon 6T/6I/610/12 and the like, and a 
mixture thereof can be included. 

As the polyamide-based resin, a PA (nylon) 6, a PA 
(nylon) 66 and a PA (nylon) 6/66 are preferable among the 
above-mentioned polyamide resins. 

Component (B) has a water absorption less than 0.6% 
and more preferably no greater than 0.4% and excludes 
styrene-type resins.- Styrene-type resin denotes polymer 
containing 10 mass? or more structural units originating 

from styrene and styrene derivatives such as a-substi tuted 
or ring-substituted styrenes. 

Preferred for component (B) are olefin-type resins, 

polyphenylene ether resins (PPE) , polyphenylene sulfone 

resins (PPS) , polysulfone resins, acrylic resins 

(excluding, however, acrylate salt-type resins), and their 

alloys, in each case that satisfy the saturated water 

absorption cited above. 



The olef in-based resin is a polymer in which a mono- 
olefin having 2 to 8 carbons is main monomer component, 
and there can be included one kind or more polymers which 
are selected from a low density polyethylene, a high 
density polyethylene, a linear low density polyethylene, 
polypropylene, an ethylene-propylene random copolymer, an 
ethylene-propylene block copolymer, a polymethylpentene, 
poly (1-butene) , and a modified product thereof and the 
like. Among these, a polypropylene and an acid-modified 
polypropylene are preferable. 

Specific examples of polyphenylene ethers usable by 
the present invention are poly (2, 3-dimethyl-6-ethyl-l , 4- 
phenylene ether) , poly (2-methyl-6-chloromethyl-l , 4- 
phenylene ether) , poly (2-methyl-6-hydroxyethyl-l , 4- 
phenylene ether) , poly (2-methyl-6-n-butyl-l , 4-phenylene 
ether) , poly (2-ethyl-6-isopropyl-l , 4-phenylene ether) , 
poly (2-ethyl-6-n-propyl-l , 4-phenylene ether) , poly (2, 3, 6- 

trimethyl-1 , 4-phenylene ether) , poly (2 - ( 4'-methylphenyl ) - 
1, 4-phenylene ether) , poly (2-bromo-6-phenyl-l , 4-phenylene 
ether) , poly (2-methyl-6-phenyl-l , 4-phenylene ether) , 
poly (2 -phenyl -1 , 4-phenylene ether) , poly (2-chloro-l , 4- 
phenylene ether), poly (2-methyl-l , 4-phenylene ether), 
poly (2-chloro-6-ethyl-l, 4-phenylene ether) , poly (2-chloro 
6-bromo-l, 4-phenylene ether) , poly (2, 6-di-n-propyl-l , 4- 
phenylene ether) , poly (2-methyl-6-isopropyl-l , 4-phenylene 
ether) , poly (2-chloro-6-methyl-l , 4-phenylene ether) , 
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poly (2-methyl-6-ethyl-l, 4-phenylene ether) , poly (2, 6- 
dibromo-1 , 4-phenylene ether) , poly (2, 6-dichloro-l , 4- 
phenylene ether), poly (2 , 6-diethyl-l , 4-phenylene ether), 
and poly (2, 6-dimethyl-l , 4-phenylene ether). The use of 
poly (2, 6-dimethyl-l, 4-phenylene ether) is particularly 
preferred among the preceding. 

Components (A) and (B) prepared by emulsion 
polymerization, bulk polymerization, suspension 
polymerization, or a known polymerization method that 
combines the preceding can be used. 

The proportions of components (A) and (B) in the 
composition are 10 to 90 mass%, preferably 20 to 80 mass%, 
and more preferably 30 to 70 mass% for component (A) with 
component (B) making up the remainder in each case 
(total=100 mass%) . 

The water-soluble substance constituting component (C) 
is a substance that has a solubility (25°C) in 100 g water 
of 300 g or less, preferably a solubility of 100 g or less, 
and more preferably a solubility of 10 g or less. The 1 
adhesive strength of the metal plating layer is increased 
by the presence of component (C) in the thermoplastic 
resin molded article. 

Component (C) can be exemplified by the following, in 
each case that satisfy the solubility cited above: 
polysaccharides such as starch, dextrin, pulrane, 
hyaluronic acid, carboxymethyl cellulose, methyl cellulose, 
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ethyl cellulose, or a salt thereof; poly-valent alcohols 
such as propylene glycol, ethylene glycol, diethylene 
glycol, neopentyl glycol, butanediol, pentanediol, 
polyoxyethylene glycol, polyoxypropylene glycol, 
trimethylol propane, pentaerythr i tol dipentaerythri tol and 
glycerin; polyvinylalcohol , polyacrylic acid, polymaleic 
acid, polyacryl amide, polyvinyl pyrrolidone, polyethylene 
oxide, acrylic acid-maleic anhydride copolymer, maleic 
anhydride-diisobutylene copolymer, maleic anhydride- vinyl 
acetate copolymer, a polycondensate of naphthalene 
sulfonate with formalin and a salt thereof. Preferred 
among the preceding are pentaerythri tol ( solubili ty=7 . 2 
g/100 g) and dipentaerythri tol (solubility 0.1 g or less 
per 100 g) . 

The component (C) content in the composition is 
preferably 0.01 to 50 mass parts, more preferably 0.01 to 
30 mass parts, and even more preferably 0.01 to 15 mass 
parts, in each case per 100 mass parts of the total of 
components (A) and (B) . 

Component (D) is a surfactant and/or coagulant. The 
surfactant may be surfactant that remains in the resin 
from the surfactant (emulsifying agent) used when emulsion 
polymerization is employed to produce component (A) or (B) , 
or may be surfactant that is specifically added to 
component (A) or (B) when a production method is used that 
does not employ surfactant, such as bulk polymerization. 
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The adhesive strength of the metal plating layer is 
increased by the presence of component (D) in the 
thermoplastic resin molded article. 

The surfactant and coagulant may be those other than 
those which are used in the emulsion polymerization, in 
addition to those which are used in the emulsion 
polymerization, and the surfactant is preferably an 
anionic surfactant, a cationic surfactant, a nonionic 
surfactant, and an amphoteric surfactant. 

As these surfactants, anionic surfactants such as a 
salt of an aliphatic acid, a salt of rosin acid, an alkyl 
sulfonate, an alkylbenzene sulfonate, an alkyldiphenyl 
ether sulfonate, a polyoxyethylenealkyl ether sulfonate, a 
diester salt of sulf osuccinic acid, an ester salt of ot- 
olefin sulfonic acid or an a-olefin sulfonate; cationic 
surfactants such as a mono or dialkylamine or a 
polyoxyethylene adduct thereof, or a mono or di-long chain 
alkyl quatery ammonium salt; nonionic surfactants such as 
an alkyl glucoside, a polyoxyethylenealkyl ether, a 
polyoxyethylenealkyl phenyl ether, sucrose ester of an 
aliphatic acid, sorbitan ester of an aliphatic acid, a 
polyoxyethylene sorbitan ester of an aliphatic acid, a 
polyoxyethylene ester of an aliphatic acid, a 
polyoxyethylene-propylene block copolymer, mono glyceride 
of an aliphatic acid or amine oxide; amphoteric 
surfactants such as carbobetaine, sulfobetaine or 



hydroxysulfobetaine are included. 

The proportion of component (D) in the composition is 
preferably 0.01 to 10 mass parts, more preferably 0.01 to 
5 mass parts, and even more preferably 0.01 to 2 mass 
parts, in each case per 100 mass parts of the total of 
components (A) and (B) . 

As the phosphorus compound constituting component (E) , 
one or more selected from the following can be used. The 
adhesive strength of the metal plating layer is increased 
by compounding the component (E) into the thermoplastic 
resin molded article. 

Triphenyl phosphate, tricresyl phosphate, trixylenyl 
phosphate, tris ( isopropylphenyl ) phosphate, tris (o- or p- 
phenylphenyl) phosphate, trinaphthyl phosphate, cresyl 
diphenyl phosphate, xylenyl diphenyl phosphate, diphenyl 
(2-ethylhexyl) phosphate, di (isopropylphenyl) phenyl 
phosphate, o-phenylphenyl dicresyl phosphate, tris (2,6- 
dimethylphenyl ) phosphate, condensed phosphate esters such 
as tetraphenyl m-phenylene diphosphate, tetraphenyl p- 
phenylene diphosphate, phenyl resorcinol polyphosphate, 
bisphenol A-bis (diphenyl phosphate), bisphenol A-polyphenyl 
phosphate or dipyrocatechol hypodiphosphate . 

Aliphatic acid • aromatic phosphate esters such as 
orthophosphate esters such as diphenyl (2-ethylhexyl) 
phosphate, diphenyl 2-acryloyloxyethyl phosphate, diphenyl 
2-methacryloyloxyethyl phosphate, diphenyl neopentyl 



phosphate, pentaerythritol diphenyl diphosphate or ethyl 
pyrocatechol phosphate . 

Alkali metal salts of melamine polyphosphate 
tripolyphosphoric acid, pyrophosphor ic acid, 
orthophosphoric acid, hexametaphosphor ic acid, and so 
forth; and phosphoric acid compounds such as phytic acid 
and the alkali metal salts and alkanolamine salts thereof. 

In addition to the preceding, phosphorus compounds 
known for use as flame retardants and antioxidants for 
resins can be used as the phosphorus compound. 

The proportion of component (E) in the composition is 
preferably 0.1 to 30 mass parts, more preferably 0.1 to 20 
mass parts, and even more preferably 0.1 to 10 mass parts, 
in each case per 100 mass parts of the total of components 
(A) and (B) . 

• In addition to components (A) and (B) and components 
(C) to (E) , the composition can contain, within a range 
that achieves the objects of the present invention, those 
additives known for incorporation in thermoplastic resins, 
for example, compatibilizers for components (A) and (B) 
and copolymers of components (A) and (B) . 

The thermoplastic resin molded article can be obtained 
by molding the composition containing components (A) to 
(E) and so forth into a desired, application-adapted shape 
by a known method, such as injection molding or extrusion 
molding . 



(Treatment of the removal of fat) 

The thermoplastic resin molded article is subjected to 
a treatment of the removal of fat. The treatment of the 
removal of fat is carried out by a surfactant aqueous 
solution which contains alkali such as sodium hydroxide 
and sodium carbonate, or acids such as sulfuric acid and 
carbonic acid. In the present invention, after the 
treatment of the removal of fat, the step can be 
transferred to other steps, and an etching treatment by an 
acid containing heavy metals such as chromic acid or 
potassium permanganate (in the present invention, such as 
chromium or manganese) which becomes a roughening 
treatment for enhancing the adhering strength of a plating 
layer is unnecessary. 

(The acid or base contact treatment step) 

After the treatment of the removal of fat, the 
thermoplastic resin molded article is then subjected to 
the contact treatment with acid or base. The non-heavy 
metal acid or base used in this step is preferably present 
in a low concentration, preferably less than 4.0 normal, 
more preferably 3.5 normal or less, and even more 
preferably 3.0 normal or less. 

For the treatment of this step, for example, a method 
of immersing the thermoplastic resin molded article in an 
acid or base which does not contain a heavy metal can be 
applied, and a method of immersing it in an acid or base 



at a liquid temperature of 10 to 80°C which does not 
contain a heavy metal for 0.5 to 20 minutes can be applied. 

As the acid which does not contain a heavy metal, an 
acid and the like which is selected from organic acids 
such as acetic acid, citric acid and formic acid in 
addition to hydrochloric acid, phosphoric acid and 
sulfuric acid can be used. As the base which does not 
contain a heavy metal, a base and the like which are 
selected from the hydroxides of an alkali metal or an 
alkali earth metal such as sodium hydroxide, potassium 
hydroxide, calcium hydroxide and magnesium hydroxide can 
be used. 

(Other steps) 

The acid or base contact treatment step can be 
followed by steps such as, for example, a water rinse, 
treatment with a catalyst application bath, a water rinse, 
treatment with an activation bath (activation step) and a 
water rinse. Treatment with the catalyst application bath 
and treatment with the activation bath can be carried out 
at the same time. 

The treatment by a catalyst imparting liquid is 
immersed, for example, in a 35% hydrochloric acid solution 
(10 to 20 mgl" 1 ) of stannic chloride (20 to 40 gl" 1 ) for 
about 1 to 5 minutes at room temperature. The treatment 
by an activating liquid is immersed in a 35% hydrochloric 
acid solution (3 to 5 mgl' 1 ) of palladium chloride (0.1 to 
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0.3 gl" 1 ) for about 1 to 2 minutes at room temperature. 

An electroless plating step is thereafter carried out 
once or two or more times as desired. A plating bath that 
contains, for example, nickel, copper, cobalt, nickel- 
cobalt alloy, or gold, and a reducing agent, for example, 
formalin or hypophosphite, can be used. The pH and 
temperature of the plating bath are selected in 
correspondence to the type of plating bath being used. 

When an additional plating treatment is to be carried 
out after the electroless plating, an electroplating step, 
for example, with copper, can also be added after an 
activation treatment with acid or base. 

Use of the production method according to the present 
invention can provide a high adhesive strength between the 
thermoplastic resin molded article and the metal plating 
layer, and a maximum value for the adhesive strength 
according to JIS H8630 of preferably at least 10 kPa, more 
preferably at least 50 kPa, even more preferably at least 
100 kPa, and particularly preferably at least 150 kPa can 
be obtained. 

At the time the present application was filed, the 
following was considered to be one mechanism for the 
increased adhesive strength between the thermoplastic 
* resin molded article and metal plating layer in plated 
resin molded article according to the present invention. 

Prior to the plating treatment, the thermoplastic 
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resin molded article has a "sea-island structure" in which 
component (A) forms the sea and component (B) forms 
islands. When component (C) is present, component (B) 
undergoes aggregation to give a sea-island structure in 
which larger domains have been formed. When component (C) 
is not present, a sea-island structure is formed in which 
component (B) is microdispersed . 

When the acid or base contact treatment is carried out 
on the thermoplastic resin molded article with this "sea- 
island structure", the matrix resin phase (component (A) ) 
in the surface layer of the molding undergoes swelling to 
form a swollen layer. As the catalyst component permeates 
into this swollen layer, the catalyst component forms 
nuclei, and the plating metal attaches to and grows at 
these nuclei, forming a three-dimensional network 
structure. It is believed that a metal plating layer that 
is highly adherent to the molding' s surface is formed as a 
result of the growth of the plating from the interior of 
the swollen layer in this manner. It is also thought that 
the component (B) resin phase acts during this process to 
preserve or maintain the swollen layer, so that a molding 
lacking component (B) and containing only component (A) is 
unable to form a metal plating layer with a high adhesive 
strength. 

It has been conventionally desirable that the surface 
of a resin molded article is roughened by an etching 
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treatment using an acid or base having a high 
concentration, in order to enhance the adhering strength 
of a plating layer. However, in the present invention, 
the adhering strength of a metal plating layer can be 
enhanced by adding the contact-treatment step with an acid 
or base having a low concentration without carrying out a 
surface roughening treatment, and an effect that safety at 
working is enhanced and drainage treatment becomes easy 
can be obtained in combination. 

The plated resin molded article obtained by applying 
the production method according to the present invention 
can be applied to various uses and are particularly 
suitable for application as automotive parts such as 
bumpers, emblems, wheel caps, interior parts or exterior 
parts. 

Examples 

(1) Adherence test of plating layer 

The adhering strength (kPa, the highest value) between 
the thermoplastic resin molded article and a metal plating 
layer was measured according to the adherence test method 
described in appendix 6 in JIS H8630 using the plated 
resin molded articles obtained in the following Examples 
and Comparative Examples. 

(2) Thermoplastic resin molded articles 

Test pieces of 100x50x3 mm obtained by injection 
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molding each of the compositions consisting of components 
shown in Tablel (a cylinder temperature of 240°C, and a 
mold temperature of 60°C) were used. The details of the 
respective components are as described below. 
Component (A) 

A-l: Polyamide 6, Ube Nylon 6 1013B, manufactured by 
UBE Industries, Ltd., water absorption=l . 8% 

A-2: Polyamide 66, Ube Nylon 66 2020B, manufactured by 
UBE Industries, Ltd., water absorption=l . 3% 

A-3: 6-66 copolyamide, Ube Nylon 5013B, manufactured 
by UBE Industries, Ltd., water absorpt ion=2 . 0% 

A-4 (comparative component) : polyamide 12, Ube Nylon 
12 3024U, manufactured by UBE Industries, Ltd., water 
absorption=0 .25% 

Component (B) 

B-l: Poly (2, 6-dimethyl-l , 4-phenylene ether), a 
polyphenylene ether resin with an intrinsic viscosity of 
0.40 (30°C, in chloroform), water absorption=0 . 07% 

B-2: Polypropylene resin, PMB60A, manufactured by 
SunAllomer Ltd., water absorption no more than 0.01% 

B-3: Olefin copolymer, MH7010, manufactured by Mitsui 
Chemicals, Inc., water absorption=0 . 05% 

B-4: Polyester resin, Dainite MA-521H, manufactured by 
Mitsubishi Rayon Co., Ltd., water absorpt ion=0 . 1 6% 

Component (C) 

C-l: Dipentaerythritol (manufactured by Koei Chemical 



Co., Ltd.) 

Component (D) 

D-l: a-Olein sulfonate (LIPOLAN PB800 manufactured by 
LION Corporation) 
Component (E) 

E-l: Triphenyl phosphate (manufactured by Daihachi 
Chemical Industry Co., Ltd.) 
Examples 1-11 

The thermoplastic resin molded article consisting of 
components in Table 1 was used, and a plated resin molded 
article was obtained according to the steps below. The 
adherence of the plating layer is shown in Table 1. 

(i) Removal step of fat: The test piece was immersed 
in a 50 g/L aqueous solution (a solution temperature of 
40°C) of ACECLEAN A-220 (manufactured by OKUNO 
Pharmaceuticals Co., Ltd.) for 20 minutes. 

(ii) Contact-treatment step by acid: The test piece 
was immersed in 100 ml aqueous solution (a solution 

temperature of 40°C) of 1.0 normal hydrochloric acid for 5 
minutes . 

(iii) Catalyst imparting step: The test piece was 
immersed in a mix aqueous solution (a solution temperature 
of 25°C) of 150 ml/L of 35% by weight of hydrochloric acid 
and 40 ml/L aqueous solution of Catalyst C (manufactured 
by OKUNO Pharmaceuticals Co., Ltd.) for 3 minutes. 

(iv) The first activation step: The test piece was 
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immersed in 100 ml/L aqueous solution (a solution 

temperature of 40°C) of 98% by weight of sulfuric acid for 
3 minutes. 

(v) The second activation step: The test piece was 
immersed in 15 g/L aqueous solution (a solution 

temperature of 40°C) of sodium hydroxide for 2 minutes. 

(vi) Electroless plating step of nickel: The test 
piece was immersed in a mix aqueous solution (a solution 
temperature of 40°C) of 150 ml/L of Chemical Nickel HR-TA 
(manufactured by OKUNO Pharmaceuticals Co., Ltd.) and 150 

ml/L of Chemical Nickel HR-TB (manufactured by OKUNO 
Pharmaceuticals Co., Ltd.) for 5 minutes. 

(vii) Acid activation step: The test piece was 
immersed in 100 g/L aqueous solution (a solution 

temperature of 25°C) of TOP SAN (manufactured by OKUNO 
Pharmaceuticals Co., Ltd.) for one minute. 

(viii) Electroplate step of copper: The test piece was 
immersed in a plating bath having the under-mentioned 

composition (a solution temperature of 25°C) , and 
electroplate was carried out for 120 minutes. 
(Composition of plating bath) 

Copper sulfate (CuS0 4 * 5H 2 0) : 200 g/L 
Sulfuric acid (98%) : 50 g/L 
Chlorine ion (CI") : 5 ml/L 

TOP LUCINA 2000 MU (manufactured by OKUNO Pharmaceuticals 
Co. , Ltd. ) : 5 ml/L 



TOP LUCINA 2000 A (manufactured by OKUNO Pharmaceuticals 
Co., Ltd. ) : 0.5 ml/L 

Comparative Examples 1-7 

The thermoplastic resin molded article consisting of 
components in Table 1 was used, and a plated resin molded 
article was obtained in the same manner as Example 1. The 
adherence of the plating layer is shown in Table 1. 
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